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PIEZOELECTRIC/ELECTROSTRICTIVE 
MEMBRANE SENSOR 

FIELD OF THE INVENTION 

The present invention relates to a piezoelectric/electros 
trictive membrane sensor which is hardly electrostatically 
charged. 

BACKGROUND OF THE INVENTION 

A piezoelectric/electrostrictive membrane sensor can be 
used for measuring ?uid characteristics such as viscosity, 
density, and concentration by use of the electromechanical 
converting function of a piezoelectric/electrostrictive ele 
ment in which a membranous piezoelectric/electrostrictive 
body disposed in the sensor is sandwiched between a pair of 
electrodes. When the piezoelectric/electro strictive membrane 
sensor (the piezoelectric/electrostrictive element) is vibrated 
in a ?uid, the sensor meets with a mechanical resistance 
caused by the viscosity resistance of the ?uid, and the electric 
constant of the piezoelectric/electrostrictive element changes 
in a certain relation with respect to the mechanical resistance. 
Therefore, the sensor can detect the constant to measure the 
viscosity of the ?uid. 

It is to be noted that no prior document having the same 
object as or an object in common with the obj ect of the present 
invention described below seems to be present, however 
examples of a prior document for reference of the piezoelec 
tric/electrostrictive membrane sensor include Patent Docu 
ments 1 to 6. 

Patent Document 1: JP-A-8-201265 
Patent Document 2: JP-A-5-267742 
Patent Document 3: JP-A-6-260694 
Patent Document 4: JP-A-2005-l64495 
Patent Document 5: JP-A-2-51023 
Patent Document 6: JP-A-8-98884 

SUMMARY OF THE INVENTION 

In the above piezoelectric/electrostrictive membrane sen 
sor (also referred to simply as the sensor), in recent years, 
damage due to static electricity (electrostatic discharge dam 
age) has raised a problem in the same manner as in other 
electronic components. All the substances have electrons in 
their atoms. It is considered that when bodies constituted of 
such substances, or a person and the body come in contact 
with (including friction, collision, and the like) or detach from 
each other, the electrons move, and an electrically unstable 
state is brought to generate this static electricity. When the 
static electricity is generated, with the movement of the elec 
trons, the body or the person receiving the electrons forms a 
minus pole, and the body or the person discharging the elec 
trons forms a plus pole. 

In the case of the piezoelectric/electrostrictive membrane 
sensor, the piezoelectric/electrostrictive body as an insulator 
receives the electrons from another body, the person or air in 
the vicinity of the surface of the body, and can be brought into 
a charged state with the minus pole. Moreover, when the body 
discharges the electrons (discharges electricity) to the other 
body, the person or the air from this state, a voltage of several 
sz is applied during the discharge, and the piezoelectric/ 
electro strictive body is sometimes damaged (the electrostatic 
discharge damage). Furthermore, when dust, dirt or the like 
charged with the plus pole is attracted to adhere to the vicinity 
of the surface of the piezoelectric/electrostrictive body in the 
charged state with the minus pole, a pair of electrodes sand 
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2 
wiching the piezoelectric/electrostrictive body therebetween 
thus causes short circuit, any desired voltage is not applied to 
the piezoelectric/electrostrictive body, the vibration of the 
sensor becomes unstable, and the characteristics of a ?uid 
cannot be correctly measured. 
The present invention has been developed in view of such 

a situation, and an object thereof is to provide a piezoelectric/ 
electrostrictive membrane sensor which is hardly or mini 
mally electrostatically charged, and thus prevented from the 
electrostatic discharge damage and attraction of dust, dirt or 
the like. As a result of investigations, it has been found that the 
above object can be achieved by the piezoelectric/electros 
trictive membrane sensor in which a conductive material is 
appropriately present in the vicinity of the surface of a piezo 
electric/electrostrictive body. 

That is, according to the present invention, there is pro 
vided a piezoelectric/electrostrictive membrane sensor com 
prising: a ceramic substrate having a thin diaphragm portion 
and a thick portion integrally provided on the peripheral edge 
of the thin diaphragm portion, and including a cavity formed 
by the thin diaphragm portion and the thick portion so as to 
communicate with the outside; a piezoelectric/electrostric 
tive element having a laminate structure arranged on the outer 
surface of the thin diaphragm portion of the ceramic substrate 
and including a membranous piezoelectric/electrostrictive 
body, and a lower electrode and an upper electrode between 
which the piezoelectric/electrostrictive body is sandwiched; 
and terminal electrodes each of which connects the lower 
electrode or the upper electrode to a power source, the thin 
diaphragm portion of the ceramic substrate being con?gured 
to vibrate in conjunction with the driving of the piezoelectric/ 
electrostrictive element, wherein a main component of the 
terminal electrodes is contained in the vicinity of the surface 
of the piezoelectric/electrostrictive body. 

In the piezoelectric/electrostrictive membrane sensor 
according to the present invention, an auxiliary electrode may 
be provided so as to connect a terminal electrode (for the 
upper electrode) arranged on the ceramic substrate to the 
upper electrode formed on the piezoelectric/electrostrictive 
body. The lower electrode is arranged on the ceramic sub 
strate, and is hence directly connected to a terminal electrode 
(for the lower electrode) similarly arranged on the ceramic 
substrate, and the auxiliary electrode is not necessary 
between the lower electrode and the terminal electrode (for 
the lower electrode). It is to be noted that in the present 
description, the vicinity of the surface of the piezoelectric/ 
electrostrictive body is not the vicinity of the surface only, 
includes the surface and the vicinity of the surface, and indi 
cates a portion in the vicinity of the surface, the portion 
including the surface. 

In the piezoelectric/electrostrictive membrane sensor 
according to the present invention, the main component of the 
terminal electrodes contained in the vicinity of the surface of 
the piezoelectric/electrostrictive body is preferably diffused 
from the terminal electrodes to the vicinity of the surface of 
the piezoelectric/electrostrictive body by a heating treatment 
after the forming of the terminal electrodes. 

In other words, the piezoelectric/electrostrictive mem 
brane sensor according to the present invention can be 
obtained by forming the terminal electrodes, and then per 
forming the heating treatment (the ?ring treatment) to diffuse 
(thermally diffuse) the main component of the conductive 
material constituting the terminal electrodes in the vicinity of 
the surface of the piezoelectric/electrostrictive body. There 
fore, a remarkably small amount of the main component of 
the terminal electrodes is contained in the vicinity of the 
surface of the piezoelectric/electrostrictive body. 
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In the piezoelectric/electrostrictive membrane sensor 
according to the present invention, the terminal electrodes are 
preferably constituted of silver or a conductive material con 
taining this metal as the main component. Silver may be 
contained in a metal state or a state of an oxide or a sul?de. 

In the piezoelectric/electrostrictive membrane sensor 
according to the present invention, the upper electrode is 
preferably constituted of gold or a conductive material con 
taining this metal as the main component. It is to be noted that 
the electrode simply mentioned in the present description 
indicates all of the terminal electrodes, the upper electrode, 
the lower electrode, and the auxiliary electrode (if any). 

In the piezoelectric/electrostrictive membrane sensor 
according to the present invention, the piezoelectric/electros 
trictive body preferably contains an alkali metal or an alkali 
earth metal. In this case, the piezoelectric/electrostrictive 
body is preferably constituted of (Bi0_5NaO_5)TiO3 or a piezo 
electric/electrostrictive material containing this metal as the 
main component. That is, preferable examples of the alkali 
metal or the alkali earth metal include sodium. 

In the piezoelectric/electrostrictive membrane sensor 
according to the present invention, the piezoelectric/electros 
trictive body is preferably constituted of lead zirconate titan 
ate or a piezoelectric/electrostrictive material containing this 
metal as the main component. 

The piezoelectric/electrostrictive membrane sensor 
according to the present invention comprises the piezoelec 
tric/electrostrictive element arranged on the thin diaphragm 
portion, and the thin diaphragm portion vibrates in conjunc 
tion with the driving of the piezoelectric/electrostrictive ele 
ment, so that the sensor can be used as a heretofore known 
sensor for measuring ?uid characteristics such as viscosity, 
density and concentration (see Patent Documents 1 to 6). 
When the piezoelectric/electro strictive membrane sensor (the 
piezoelectric/electrostrictive element) is vibrated in a ?uid, a 
mechanical resistance is received owing to the viscosity resis 
tance of the ?uid, and the electric constant of the piezoelec 
tric/electrostrictive element changes in a constant relation 
with respect to the mechanical resistance, so that the electric 
constant can be detected to measure the viscosity of the ?uid. 

In addition, the piezoelectric/electrostrictive membrane 
sensor according to the present invention contains the main 
component of the terminal electrodes in the vicinity of the 
surface of the piezoelectric/electrostrictive body so that it is 
hardly electrostatically charged, and as such, the sensor is 
prevented from electrostatic discharge damage, while main 
taining a high reliability of the sensor. Since the main com 
ponent of the terminal electrodes is a conductive material, a 
portion containing the main component of the terminal elec 
trodes in the vicinity of the surface of the piezoelectric/elec 
trostrictive body is a low resistance portion. Even when the 
piezoelectric/electrostrictive body as an insulator receives 
electrons in the vicinity of the surface of the body, the elec 
trons are immediately discharged via the low resistance por 
tion. Therefore, the piezoelectric/electrostrictive membrane 
sensor according to the present invention is not easily brought 
into a state in which the sensor is electrostatically charged 
with the accumulated electrons. In consequence, in addition 
to the prevention of the electrostatic discharge damage, any 
dust, dirt or the like is not attracted to nor adheres to the 
vicinity of the surface, and as such, problems due to these 
causes are not easily generated. For example, any lowering of 
the precision of the sensor in the case where the upper elec 
trode and the lower electrode sandwiching the piezoelectric/ 
electrostrictive body therebetween causes a short circuit and 
any desired voltage cannot be applied to the piezoelectric/ 
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4 
electrostrictive body, thereby causing the wrong detection of 
the sensor due to a mass of dust or the like being present. 

As the heretofore known piezoelectric/ electrostrictive 
membrane sensor, the sensor is not present in which the main 
component or the conductive material of the terminal elec 
trodes is contained in the vicinity of the surface of the piezo 
electric/electrostrictive body. Moreover, heretofore in the 
piezoelectric/electrostrictive membrane sensor, a technology 
has not been known in which the main component or the 
conductive material of the terminal electrodes is contained in 
the vicinity of the surface of the piezoelectric/electrostrictive 
body. Therefore, in the conventional piezoelectric/electros 
trictive membrane sensor, the problem of the electrostatic 
discharge damage might constantly occur in the same manner 
as in another electronic component, but according to the 
piezoelectric/electrostrictive membrane sensor of the present 
invention, such a problem can be avoided. 

In the preferable con?guration of the piezoelectric/elec 
tro strictive membrane sensor according to the present inven 
tion, the main component of the terminal electrodes contained 
in the vicinity of the surface of the piezoelectric/electrostric 
tive body is diffused from the terminal electrodes to the vicin 
ity of the surface of the piezoelectric/electrostrictive body by 
the heating treatment after the forming of the terminal elec 
trodes. Therefore, a remarkably small amount of the main 
component of the terminal electrodes is contained in the 
vicinity of the surface of the piezoelectric/electrostrictive 
body. Therefore, the sensor is hardly electrostatically 
charged. On the other hand, the main component of the ter 
minal electrodes contained in the vicinity of the surface of the 
piezoelectric/electrostrictive body does not cause a short cir 
cuit between the upper electrode and the lower electrode, and 
the desired voltage can be applied to the piezoelectric/elec 
trostrictive body. Therefore, the piezoelectric/electrostrictive 
element can be driven to vibrate the thin diaphragm portion in 
conjunction with the driving, and the sensor can exert excel 
lent performance. 

In the preferable con?guration of the piezoelectric/elec 
tro strictive membrane sensor according to the present inven 
tion, the terminal electrodes are constituted of silver as a low 
melting point material or the conductive material containing 
this component as the main component. The upper electrode 
is constituted of gold having a melting point higher than that 
of silver, or the conductive material containing this compo 
nent as the main component. Therefore, only silver as the 
main component of the terminal electrodes is easily contained 
in the vicinity of the surface of the piezoelectric/electrostric 
tive body by diffusion accompanying the heating treatment. 
That is, it can be said that the preferable con?guration of the 
piezoelectric/electrostrictive membrane sensor according to 
the present invention is easily manufactured. 

In the preferable con?guration of the piezoelectric/elec 
tro strictive membrane sensor according to the present inven 
tion, the piezoelectric/electrostrictive body is constituted of 
lead zirconate titanate (PZT) having a large piezoelectric 
constant or the piezoelectric/electrostrictive material contain 
ing this component as the main component, or the body is 
similarly constituted of (Bi0_5NaO_5)TiO3 having a large 
piezoelectric constant or the piezoelectric/electrostrictive 
material containing this component as the main component, 
so that the sensor can realize a high output. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The patent or application ?le contains at least one drawing 
executed in color. Copies of this patent or patent application 
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publication with color drawing(s) will be provided by the 
Of?ce upon request and payment of the necessary fee. 

FIG. 1 is a plan view showing one embodiment of a piezo 
electric/electrostrictive membrane sensor according to the 
present invention; 

FIG. 2 is a sectional view showing a section cut along the 
line AA in FIG. 1; 

FIG. 3 is a sectional view showing a section cut along the 
line BB in FIG. 1; 

FIG. 4 is a diagram showing one embodiment of the piezo 
electric/electrostrictive membrane sensor according to the 
present invention, and is a photograph showing the surface of 
a piezoelectric/electrostrictive body by a scanning electron 
microscope; and 

FIG. 5 is a diagram showing one embodiment of the piezo 
electric/electrostrictive membrane sensor according to the 
present invention, and is a photograph showing the surface of 
the piezoelectric/electrostrictive body by an X-ray micro ana 
lyzer (EPMA, Electron Probe Micro Analyzer) and showing 
a behavior that silver as the material of terminal electrodes is 
diffused in the piezoelectric/electrostrictive body. 

DESCRIPTION OF REFERENCE NUMERALS 

1 ceramic substrate 
2 thick portion 
3 thin diaphragm portion 
4 lower electrode 
5 piezoelectric/electrostrictive body 
6 upper electrode 
7 joining layer 
8 auxiliary electrode 
9 through hole 
10 cavity 
12 piezoelectric/electrostrictive element 
18 terminal electrode 
19 terminal electrode 
20 piezoelectric/electrostrictive membrane sensor 

DETAILED DESCRIPTION OF THE INVENTION 

Embodiments of the present invention will hereinafter be 
described appropriately with reference to the drawings, but 
the present invention is not limited to these embodiments, 
when interpreted. The present invention can variously be 
changed, modi?ed, improved and replaced based on the 
knowledge of any person skilled in the art without departing 
from the scope of the present invention. For example, the 
drawings show the preferable embodiments of the present 
invention, but the present invention is not restricted by con 
?guration or information shown in the drawings. To imple 
ment or verify the present invention, means similar or equiva 
lent to that described in the present description is applicable, 
but preferable means is the following means. 

First, the constitution of a piezoelectric/electrostrictive 
membrane sensor according to the present invention will be 
described. FIG. 1 is a plan view (a top view) showing one 
embodiment of the piezoelectric/electrostrictive membrane 
sensor according to the present invention, FIG. 2 is a sectional 
view showing a section cut along the line AA in FIG. 1, and 
FIG. 3 is a sectional view showing a section cut along the line 
BB in FIG. 1. A piezoelectric/electrostrictive membrane sen 
sor 20 shown in FIGS. 1 to 3 includes a ceramic substrate 1 
and a piezoelectric/electrostrictive element 12. The ceramic 
substrate 1 has a thin diaphragm portion 3 and a thick portion 
2 integrally provided on the peripheral edge of the thin dia 
phragm portion 3, and the ceramic substrate 1 is provided 
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6 
with a cavity 10 formed by the thin diaphragm portion 3 and 
the thick portion 2 so as to communicate with the outside via 
through holes 9. The piezoelectric/electrostrictive element 12 
is arranged on the outer surface of the thin diaphragm portion 
3 of the ceramic substrate 1, and has a laminate structure 
formed by a membranous piezoelectric/electrostrictive body 
5 and a pair of membranous electrodes (an upper electrode 6 
and a lower electrode 4) sandwiching the piezoelectric/elec 
trostrictive body 5 therebetween. 

In the piezoelectric/electrostrictive membrane sensor 20, 
the lower electrode 4 formed on the thin diaphragm portion 3 
of the ceramic substrate 1 on the underside of the piezoelec 
tric/electrostrictive body 5 is directly and conductively con 
nected to a terminal electrode 18 (for the lower electrode). 
The upper electrode 6 formed on the upside of the piezoelec 
tric/electrostrictive body 5 is conductively connected to a 
terminal electrode 19 (for the upper electrode) via an auxil 
iary electrode 8. The terminal electrode 19 (for the upper 
electrode) is insulated from the lower electrode 4 by a joining 
layer 7 sandwiched between the electrodes. The joining layer 
7 is formed so as to enter the underside of the piezoelectric/ 
electrostrictive body 5, and is a layer having a function of 
connecting the piezoelectric/electrostrictive body 5 to the thin 
diaphragm portion 3. The piezoelectric/electrostrictive body 
5 is formed in such a size as to cover the lower electrode 4, and 
the upper electrode 6 is formed so as to straddle the piezo 
electric/electrostrictive body 5. In the vicinity of the exposed 
surface of the piezoelectric/electrostrictive body 5 which is 
not covered with the upper electrode 6 and the auxiliary 
electrode 8, a main component of the terminal electrodes 18, 
19 described later is contained. It is to be noted that the joining 
layer 7 is appropriately applicable in accordance with the 
application of the sensor, and a joining layer 7 portion may be 
brought into an incompletely joined state. 

In the piezoelectric/electrostrictive membrane sensor 20, 
when the piezoelectric/electrostrictive element 12 is driven 
(displacement is generated), the thin diaphragm portion 3 of 
the ceramic substrate 1 vibrates in conjunction with the driv 
ing. The thin diaphragm portion 3 of the ceramic substrate 1 
usually has a thickness of 50 pm or less, preferably 30 pm or 
less, further preferably 15 pm or less so that the vibration of 
the piezoelectric/electrostrictive body 5 is not disturbed. As 
the planar shape of the thin diaphragm portion 3, any shape 
such as a rectangular shape, a square shape, a triangular 
shape, an elliptic shape or a perfectly circular shape may be 
employed, but the rectangular shape or the perfectly circular 
shape is selected if necessary, in the application of the sensor 
in which a resonance mode to be excited needs to be simpli 
?ed. 

Next, the material of each constitutional requirement of the 
piezoelectric/electrostrictive membrane sensor according to 
the present invention will be described in accordance with the 
piezoelectric/electrostrictive membrane sensor 20 as an 
example. The material for use in the ceramic substrate 1 is 
preferably a material having thermal resistance, chemical 
stability and insulation. This is because the lower electrode 4, 
the piezoelectric/electrostrictive body 5 and the upper elec 
trode 6 are sometimes thermally treated when integrated. 
Moreover, when the piezoelectric/electrostrictive membrane 
sensor 20 detects the characteristics of a solution, the solution 
sometimes has conductivity or corrosive properties. 
Examples of a preferably usable material include stabilized 
zirconium oxide, partially stabilized zirconium oxide, alumi 
num oxide, magnesium oxide, mullite, aluminum nitride, 
silicon nitride and glass. Among these materials, stabilized 
zirconium oxide and partially stabilized zirconium oxide are 
most preferable, because the materials keep a high mechani 
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cal strength or have an excellent tenacity or the like even in a 
case where the thin diaphragm portion 3 is remarkably thinly 
formed. 

As the material of the piezoelectric/electrostrictive body 5, 
any material may be used as long as the material exerts a 
piezoelectric/electrostrictive effect. Examples of a preferable 
material satisfying the conditions include lead Zirconate titan 
ate or a piezoelectric/electrostrictive material containing this 
component as a main component, (Bi0_5NaO_5)TiO3 or a mate 
rial containing this component as the main component, or 
(l—x) (Bio_5NaO_5)TiO3-xKNbO3 (x is a molar fraction of 
0§x§006) or a material containing this component as the 
main component. 
As the material of the joining layer 7, an organic or inor 

ganic material having close contact properties and joining 
properties with respect to both the piezoelectric/electrostric 
tive body 5 and the ceramic substrate 1 may be used. The 
material for use preferably has a thermal expansion coef? 
cient having an intermediate value between the thermal 
expansion coef?cient of the material of the ceramic substrate 
1 and the thermal expansion coef?cient of the material for use 
in the piezoelectric/electrostrictive body 5 in order to obtain 
highly reliable joining properties. When the piezoelectric/ 
electrostrictive body 5 is thermally treated, a glass material 
having a softening point higher than the thermal treatment 
temperature of the piezoelectric/electrostrictive body 5 is 
preferably used. The piezoelectric/electrostrictive body 5 is 
?rmly joined to the ceramic substrate 1, and deformation by 
the thermal treatment is suppressed owing to the high soften 
ing point. Furthermore, when the piezoelectric/electrostric 
tive body 5 is constituted of (Bi0_5NaO_5)TiO3 or the material 
containing this component as the main component, or (1 —x) 
(Bi0_5NaO_5)TiO3-xKNbO3 (x is the molar fraction of 
0§x§006) or the material containing this component as the 
main component, as the material of the joining layer 7, a 
material containing (l—x) (Bi0_5NaO_5)TiO3-xKNbO3 (x is a 
molar fraction of 0.08§x§0.5) as the main component is 
preferably employed. This is because the material has high 
close contact properties with respect to both the piezoelectric/ 
electrostrictive body 5 and the ceramic substrate 1, and the 
piezoelectric/electrostrictive body 5 and the ceramic sub 
strate 1 can be prevented from adverse affect during the 
thermal treatment. That is, since the material has a component 
similar to that of the piezoelectric/electrostrictive body 5, the 
material has high close contact properties with respect to the 
piezoelectric/electrostrictive body 5. Moreover, there is 
hardly problem due to the diffusion of a heterologous element 
which might be generated in a case where glass is used. 
Furthermore, since much KNbO3 is contained, the material 
has a high reactivity with the ceramic substrate 1, and ?rm 
joining is possible. In addition, (l—x) (Bi0_5NaO_5)TiO3 
xKNbO3 (x is the molar fraction of 0.08§x§0.5) hardly 
exerts piezoelectric/electrostrictive characteristics. There 
fore, during use, any displacement is not generated with 
respect to an electric ?eld generated in the lower electrode 4 
and the auxiliary electrode 8, and hence stable sensor char 
acteristics can be obtained. 

As to the materials of the electrodes, the terminal elec 
trodes employ silver or a conductive material containing this 
component as the main component, the auxiliary electrode 
and the upper electrode employ gold or a conductive material 
containing this component as the main component, and the 
lower electrode employs platinum or a conductive material 
containing this component as the main component. 

Next, a manufacturing method of the piezoelectric/elec 
trostrictive membrane sensor according to the present inven 
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8 
tion will be described in accordance with the manufacturing 
of the piezoelectric/electro strictive membrane sensor 20 as an 
example. 

(Step 1. Preparation of Ceramic Substrate) The ceramic 
substrate 1 can be prepared by a green sheet laminating pro 
cess. Speci?cally, the predetermined number of ceramic 
green sheets constituted of the above-mentioned ceramic 
material as the main component are prepared. A hole portion 
having a predetermined shape constituting the cavity 10 after 
the lamination is made in the necessary number of the result 
ant ceramic green sheets by use of a punch processor includ 
ing a punch and a die, and hole portions having a predeter 
mined shape forming the through holes 9 after the lamination 
are made in the necessary number of the other sheets. Then, 
the ceramic green sheet constituting the thin diaphragm por 
tion 3 later, the ceramic green sheet having the hole portion 
made so as to constitute the cavity 10, and the ceramic green 
sheet having the hole portion made so as to constitute the 
through holes 9 are laminated in this order to obtain a lami 
nated green body, and the body is ?red to obtain the ceramic 
substrate 1. One ceramic green sheet has a thickness of about 
100 to 300 um excluding the ceramic green sheet constituting 
the thin diaphragm portion 3. 
The ceramic green sheet can be prepared by a heretofore 

known ceramic manufacturing method. One example will be 
described. Desired ceramic material powder is prepared, and 
blended with a binder, a solvent, a dispersant, a plasticizer or 
the like in a desired composition to prepare a slurry, and this 
slurry is subjected to a defoaming treatment and a sheet 
forming process such as a doctor blade process, a reverse roll 
coater process or a reverse doctor roll coater process, whereby 
the ceramic green sheet can be obtained. 

(Step 2. Formation of Lower Electrode) After forming a 
membrane by any known membrane forming technique, the 
formed membrane is dried and ?red to form the membranous 
lower electrode 4 on the outer surface of the thin diaphragm 
portion 3 of the ceramic substrate 1. Speci?cally, as the mem 
brane forming technique, a thin membrane forming technique 
such as ion beam, sputtering, vacuum deposition, CVD, ion 
plating or plating or a thick membrane forming technique 
such as screen printing, spray or dipping is appropriately 
selected. In particular, the sputtering process or the screen 
printing process is preferably selected. The membrane is 
dried at 50 to 150° C., and ?red at 1100 to 13000 C. Firing 
time is about one to two hours. 

(Step 3. Formation of Joining Layer) To form the joining 
layer 7, a usual thick membrane technique is used. In particu 
lar, a stamping process or the screen printing process is pref 
erably used. Moreover, when a portion to be formed has a size 
of about several ten ums to several hundred ums, an ink jet 
process is preferably used. When the joining layer 7 needs to 
be thermally treated, the layer may thermally be treated 
before forming the next piezoelectric/electrostrictive body 5, 
after forming the piezoelectric/electrostrictive body 5 or 
simultaneously with the forming. 

(Step 4. Formation of Piezoelectric/Electrostrictive Body) 
To form the membranous piezoelectric/electrostrictive body 
5, a membrane is formed by a known any membrane forming 
process, and ?red in the same manner as in the lower electrode 
4. From a viewpoint of cost reduction, as a membrane form 
ing technique, the screen printing is preferably used. The 
membrane has a thickness of preferably 100 pm or less, 
further preferably 50 pm or less for increasing displacement 
(i.e., improving characteristics), more preferably 5 to 20 pm. 
The thus formed piezoelectric/electrostrictive body 5 is inte 
grated with the beforehand formed lower electrode 4 and 
joining layer 7 during the ?ring. Firing temperature is in a 
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range of about 900 to 14000 C., and ?ring time is in a range of 
about two to 50 hours. The membrane is preferably ?red 
while controlling the atmosphere together with an evapora 
tion source of the piezoelectric/electrostrictive material so 
that the piezoelectric/electrostrictive body 5 does not become 
unstable at a high temperature. 

(Step 5. Formation of Terminal Electrodes) To form the 
terminal electrode 19 for the upper electrode 6 and the termi 
nal electrode 18 for the lower electrode 4, membranes are 
formed by a membrane forming process similar to that of the 
lower electrode 4, dried and ?red. During the ?ring, the ter 
minal electrode 18 is joined to the lower electrode 4 and the 
piezoelectric/electrostrictive body 5 to form an integral struc 
ture. 

(Step 6. Formation of Upper Electrode) To form the upper 
electrode 6, a membrane is formed by a membrane forming 
process similar to that of the lower electrode 4, dried and 
?red. The membrane is ?red at 500 to 900° C., and ?ring time 
is in a range of about one to two hours. 

In this step of forming the upper electrode, the main com 
ponent (silver) of the beforehand formed terminal electrodes 
18, 19 is thermally diffused, and contained in the vicinity of 
the surface of the beforehand formed piezoelectric/electros 
trictive body 5. That is, the resultant piezoelectric/electros 
trictive membrane sensor 20 is the piezoelectric/electrostric 
tive membrane sensor according to the present invention. 
FIGS. 4 and 5 are diagrams showing one embodiment of the 
piezoelectric/electrostrictive membrane sensor according to 
the present invention. FIG. 4 is a photograph showing the 
surface of the piezoelectric/electrostrictive body by a scan 
ning electron microscope. Moreover, FIG. 5 is a photograph 
showing the surface of the piezoelectric/electrostrictive body 
by an X-ray micro analyzer (EPMA, Electron Probe Micro 
Analyzer) and showing a behavior that silver as the material 
of the terminal electrodes is diffused in the piezoelectric/ 
electrostrictive body. It is to be noted that the photograph of 
the EPMA shows that a target substance gradually increases 
(is present) in order of blue, green, yellow, vermillion and red 
(blue shows the smallest amount, and red shows the largest 
amount). After forming (including ?ring) the terminal elec 
trodes, the upper electrode is formed (including the ?ring), so 
that as shown in FIG. 5, silver as the material of the terminal 
electrodes 18, 19 can be contained in the vicinity of the 
surface of the piezoelectric/electrostrictive body 5. Silver is 
preferably present in a pole surface layer in a thickness direc 
tion, and silver can be present in the vicinity of the surface of 
the piezoelectric/electrostrictive body 5 by sputtering or the 
like. However, silver is preferably thermally diffused in that 
silver can more thinly, easily and uniformly be diffused in the 
pole surface layer and in that resistance can slightly be low 
ered while keeping insulation. It is to be noted that in an 
example in which the membrane thickness of the piezoelec 
tric/electrostrictive body 5 was set to 5 to 20 um, it has been 
con?rmed that silver was diffused in a state in which the 
membrane thickness was 20 pm or less and that satisfactory 
characteristics were obtained. 

Moreover, the ?ring temperature can be adjusted or the 
content of the main component (silver) included in a material 
for use in forming the terminal electrodes 18, 19 can be 
adjusted to adjust the amount of the main component (silver) 
of the terminal electrodes 18, 19 contained in the vicinity of 
the surface of the piezoelectric/electrostrictive body 5 of the 
resultant piezoelectric/electrostrictive membrane sensor 20. 

(Step 7. Formation of Auxiliary Electrode) To form the 
auxiliary electrode 8, a membrane is formed by a membrane 
forming process similar to that of the upper electrode 6, dried 
and ?red. During the ?ring, the auxiliary electrode 8 is joined 
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10 
to the upper electrode 6, the piezoelectric/electrostrictive 
body 5 and the terminal electrode 19 to form an integral 
structure. 

The piezoelectric/electrostrictive element 12 is obtained as 
described above, but the piezoelectric/electrostrictive ele 
ment 12 only may be separately prepared, and attached to the 
ceramic substrate 1 or directly formed on the ceramic sub 
strate 1. 

It is to be noted that as long as the ?ring is performed in the 
step of forming the terminal electrodes 18, 19 and the ?ring is 
performed in the step of forming the upper electrode 6, to 
form the lower electrode 4, the joining layer 7, the piezoelec 
tric/electrostrictive body 5 and the terminal electrodes 18, 19, 
instead of the ?ring (the thermal treatment) of each formed 
membrane described above, the membranes may be succes 
sively formed and collectively and simultaneously ?red (ther 
mally treated). Similarly, to form the upper electrode 6 and 
the auxiliary electrode 8, instead of the ?ring (the thermal 
treatment) of each formed membrane, the membranes may be 
successively formed and collectively and simultaneously 
?red (thermally treated). In this case, to realize satisfactory 
joining properties, needless to say, the temperature is appro 
priately selected. 

In the above steps, the piezoelectric/electrostrictive mem 
brane sensor 20 including the ceramic substrate 1 and the 
piezoelectric/electrostrictive element 12 is structurally com 
pleted. 

(Step 8. Polarization) A direct-current high voltage (for 
example, a voltage of DC 300 V) is applied across the upper 
electrode 6 and the lower electrode 4 in the piezoelectric/ 
electrostrictive element 12 of the piezoelectric/electrostric 
tive membrane sensor 20 to perform a polarization treatment. 

(Step 9. Displacement Measurement) An altemate-current 
sine wave voltage of 0 to 200 V, 1 kHz is applied, and the 
displacement of the piezoelectric/electrostrictive element 12 
of the piezoelectric/electrostrictive membrane sensor 20 sub 
jected to the polarization treatment is measured using a laser 
Doppler vibration meter. 

(Step 10. UV Sheet Attachment) A large number of piezo 
electric/electrostrictive membrane sensors 20 are usually 
manufactured at once. In this case, a UV sheet is attached as 
?xing means to the surface of the piezoelectric/electrostric 
tive membrane sensor 20 on a side opposite to the piezoelec 
tric/electrostrictive element 12, and ?xed to a predetermined 
position. 

(Step 11. Outer Shape Cutting) When a large number of 
sensors are formed, the prior steps are performed without 
performing cutting, but here the cutting is performed using a 
dicer to obtain the individual piezoelectric/electrostrictive 
membrane sensors 20. 

(Step 12. Sorting) To select satisfactory bodies, bodies 
having a displacement of a reference value or less in Step 9 are 
deleted as defective bodies. 

(Step 13. Heating Treatment) The outer shape cutting is 
usually performed while performing washing with water. 
Therefore, to remove moisture, the satisfactory bodies are 
subjected to a heating treatment, and dried. Temperature con 
ditions are in a range of 60° C. or more and 900° C. or less. 
Even by temperature adjustment in this step, the amount of 
the main component (silver) of the terminal electrodes 18, 19 
contained in the vicinity of the surface of the piezoelectric/ 
electrostrictive body 5 of the resultant piezoelectric/electros 
trictive membrane sensor 20 can be adjusted. 

(Step 14. Appearance Inspection) Finally, appearance is 
inspected, and then the sensors are shipped. 

Next, the application of the piezoelectric/electrostrictive 
membrane sensor according to the present invention will be 
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described. The piezoelectric/electrostrictive membrane sen 
sor according to the present invention is usable as a sensor 
constituting a ?uid characteristic measurement apparatus. 
The ?uid characteristic measurement apparatus may be con 
stituted of the piezoelectric/electrostrictive membrane sensor 
according to the present invention, a power source for apply 
ing a voltage across the upper electrode and the lower elec 
trode to drive the piezoelectric/electrostrictive element of this 
piezoelectric/electrostrictive membrane sensor, and electric 
constant monitoring device for detecting the change of an 
electric constant accompanying the vibration of the thin dia 
phragm portion of the piezoelectric/electrostrictive mem 
brane sensor. 

The ?uid characteristic measurement apparatus is an appa 
ratus capable of measuring the characteristics of a ?uid by the 
detection of the electric constant by the electric constant 
monitoring device. In the ?uid, when the piezoelectric/elec 
trostrictive element is driven in the piezoelectric/electrostric 
tive membrane sensor to vibrate the thin diaphragm portion, 
mechanical resistance is received owing to the viscosity resis 
tance of the ?uid, and the electric constant of the piezoelec 
tric/electrostrictive element changes in a constant relation 
with respect to the mechanical resistance. Therefore, the 
change can be detected to measure the viscosity of the ?uid. 

In the basic principle of this ?uid characteristic measure 
ment apparatus in measuring the characteristics of the ?uid, 
there is used correlation between the amplitudes of the piezo 
electric/electrostrictive element and the thin diaphragm por 
tion as vibrators and the characteristics of the ?uid which 
comes in contact with the vibrators. In a case where the ?uid 
has the characteristics of the viscosity resistance, when the 
?uid has a large viscosity resistance, the amplitudes of the 
vibrators decrease. When the viscosity resistance decreases, 
the amplitudes of the vibrators increase. Moreover, a vibra 
tion con?guration in a mechanical system such as the vibra 
tion of the vibrators can be replaced with an equivalent circuit 
of an electric system. In this case, it may be supposed that the 
amplitude corresponds to current. Moreover, the vibration 
state of the equivalent circuit indicates the changes of various 
electric constants near a resonance point. Among electric 
constants such as loss coef?cient, phase, resistance, reac 
tance, conductance, susceptance, inductance, and capaci 
tance, the loss coef?cient or the phase having the maximum or 
minimum change point of the change near the resonance 
frequency of the equivalent circuit is preferably used as an 
index. The detection of the loss coe?icient or the phase can 
more easily be performed as compared with the other electric 
constants. 

It is to be noted that even in a case where the ?uid has 
characteristics other than the viscosity resistance (for 
example, the pressure of the ?uid (needless to say, the pres 
ence of the ?uid)), when an element in?uencing the vibration 
of the vibrators is present in the ?uid having the characteris 
tics to be measured, the characteristics may be associated 
with the changes of the vibrations of the piezoelectric/elec 
trostrictive element and the thin diaphragm portion to mea 
sure the characteristics. When the ?uid is a solution and the 
concentration of the solution changes to change viscosity and 
density, the vibration con?gurations of the piezoelectric/elec 
trostrictive element and the thin diaphragm portion in the 
solution change, so that the concentration of the solution can 
be measured. That is, the ?uid characteristic measurement 
apparatus according to the present invention can measure the 
viscosity, density and concentration of the solution. 

The piezoelectric/electrostrictive membrane sensor 
according to the present invention can measure the character 
istics of the ?uid, which can be used to judge the ?ow state of 
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the ?uid or j udge whether or not the ?uid is present. When, for 
example, any ?uid as a measurement target is not present, the 
amplitude changes of the vibrators (the piezoelectric/elec 
trostrictive element and the thin diaphragm portion) become 
remarkable, and the changes are easily detected. Speci?cally, 
the piezoelectric/electrostrictive membrane sensor according 
to the present invention includes the monitoring of the drop 
ping state of a medical dripping apparatus, and the sensor can 
preferably be used as a measuring instrument sensor for 
monitoring the feed or infusion state of any solution, that is, 
whether or not the solution ?ows (as planned) (for a conven 
tional technology concerning the dripping, refer to Patent 
Documents 5 and 6). 

In the dripping apparatus including a bottle containing a 
drug solution, a tube, a drip chamber through which the 
dripping of the drug solution can visually be checked, and an 
injection needle, the piezoelectric/electrostrictive membrane 
sensor according to the present invention is attached to one of 
the bottle, the tube and the drip chamber (several positions, if 
necessary). The apparatus further includes a control monitor 
ing apparatus in which information on the ?ow state of the 
?uid or the presence of the ?uid (the change of the electric 
constant) detected in this manner is input to perform compu 
tation, display, communication and the like, so that a dripping 
management apparatus can be constructed. The computation 
includes the predicting of a dripping end time based on a timer 
disposed in the control monitoring apparatus, the detection of 
an abnormality with the elapse of predetermined time and the 
like. A display target includes data such as a ?ow rate, and a 
warning. The communication includes the outputting to a 
nurse station. This dripping management apparatus can be 
applied to the medical dripping apparatus to ease patients and 
decrease burdens on nurses. 

INDUSTRIAL APPLICABILITY 

A piezoelectric/electrostrictive membrane sensor accord 
ing to the present invention can be used as a sensor for mea 
suring the characteristics of a ?uid. Speci?cally, the sensor 
can be used as a sensor for each measuring instrument of 
viscosity, density or concentration. In addition, the sensor can 
preferably be used as a sensor of a measuring instrument 
which includes the monitoring of the dripping state of a 
medical dripping apparatus and which monitors the feed or 
infusion state of any solution. 

The invention claimed is; 
1. A piezoelectric/electrostrictive membrane sensor com 

prising: 
a ceramic substrate having a thin diaphragm portion and a 

thick portion integrally provided on the peripheral edge 
of the thin diaphragm portion, and including a cavity 
formed by the thin diaphragm portion and the thick 
portion so as to communicate with the outside; 

a piezoelectric/electrostrictive element having a laminate 
structure arranged on the outer surface of the thin dia 
phragm portion of the ceramic substrate and including a 
membranous piezoelectric/electrostrictive body, and a 
lower electrode and an upper electrode between which 
the piezoelectric/electrostrictive body is sandwiched; 
and 

terminal electrodes each of which connects the lower elec 
trode or the upper electrode to a power source, 

the thin diaphragm portion of the ceramic substrate being 
con?gured to vibrate in conjunction with the driving of 
the piezoelectric/electrostrictive element, 
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wherein a main component of the terminal electrodes is 
contained in the vicinity of the exposed surface of the 
piezoelectric/electrostrictive body that is not covered by 
the electrodes. 

2. The piezoelectric/electrostrictive membrane sensor 
according to claim 1, Wherein the main component of the 
terminal electrodes contained in the vicinity of the surface of 
the piezoelectric/electrostrictive body is diffused from the 
terminal electrodes to the vicinity of the surface of the piezo 
electric/electrostrictive body by a heating treatment after the 
forming of the terminal electrodes. 

3. The piezoelectric/electrostrictive membrane sensor 
according to claim 2, Wherein the terminal electrodes are 
constituted of silver or a conductive material containing this 
metal as the main component. 

4. The piezoelectric/electrostrictive membrane sensor 
according to claim 1, Wherein the terminal electrodes are 
constituted of silver or a conductive material containing this 
metal as the main component. 

5. The piezoelectric/electrostrictive membrane sensor 
according to claim 1, Wherein the upper electrode is consti 
tuted of gold or a conductive material containing this metal as 
the main component. 
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6. The piezoelectric/electrostrictive membrane sensor 

according to claim 1, Wherein the piezoelectric/electrostric 
tive body contains an alkali metal or an alkali earth metal. 

7. The piezoelectric/electrostrictive membrane sensor 
according to claim 6, Wherein the piezoelectric/electrostric 
tive body is constituted of (Bi0_5NaO_5)TiO3 or a piezoelectric/ 
electrostrictive material containing this metal as the main 
component. 

8. The piezoelectric/electrostrictive membrane sensor 
according to claim 1, Wherein the piezoelectric/electrostric 
tive body is constituted of lead Zirconate titanate or a piezo 
electric/electrostrictive material containing this metal as the 
main component. 

9. The piezoelectric/electrostrictive membrane sensor 
according to claim 1, Wherein the material composition of the 
terminal electrode is different from the material composition 
of the upper electrode, and Wherein the material composition 
of the terminal electrode is different from the material com 
position of the lower electrode. 
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